The results of four experiments show that (a) recall superiority over recognition is reversed by the use of unrelated word pairs in the study list, and (b) the reversal of recall superiority leaves intact the phenomenon of recognition failure of recallable words. These results extend the generality of encoding specificity and suggest that although recall superiority is a sufficient condition for recognition failure of recallable words it is not a necessary condition.
In memory experiments in which people are required to remember the items of a list, the most effective retrieval cues are almost always nominal copies of to-be-remembered items. If such cues are ineffective, it is unlikely that any other cues will succeed. Under certain experimental conditions, however, copies of list items are not the most effective cues for retrieval-in the presence of other cues, people do recall learned list words that they fail to recognize.
This phenomenon of recognition failure of recallable words has been manifested in a number of experiments in which the same procedure, with only minor variations, has been used (e.g., Tulving, 1974; Tulving & Thomson, 1973; . In these experiments, learners studied a list of pairs of ,associatively related words. One word of each pair was designated as the to-be-remembered (TBR) or target word; the other word was This research was supported by National Research Council of Canada Grant A8632.
Requests for reprints should be sent to Endel Tulving, Department of Psychology, University of Toronto, Toronto MSS 1A1, Ontario, Canada. studied with the expectation that it would serve as an aid for the recall of the target. Following the presentation of the study list, and usually after some interpolated activity, the learner was given two successive retention tests. The first of these was a free-choice recognition test in which the learner was provided with a test sheet containing copies of target words together with distractor words and was asked to identify the target items. The second was a typical paired associate test in which the list cues were given as aids for the recall of target words.
The phenomenon of recognition failure of recallable words accords with neither common sense nor extant theory of memory. Why, in a recall test, can a learner produce an item that he or she does not recognize? One interpretation of this phenomenon has been suggested by Tulving and Thomson (1973) in terms of the encoding specificity principle: A TBR item is encoded with respect to the context in which it is studied, producing a unique trace which incorporates information from both target and context. For the TBR item to be retrieved, the cue information at the time of retrieval must appropriately match the trace of the item-in-349 350 SANDOR WISEMAN AND ENDEL TULVING context. Because of its unique features, the trace cannot always be retrieved through its copy cue, which occurs in a new context at recognition. The finding of recognition failure means that, for certain items, information in the list cue at recall successfully matches the information in the encoded trace, while the information in the copy cue at recognition does not. Thus, although the TBR item is identical, with its nominal copy in the recognition test, the specifically encoded trace of that item may be sufficiently different from the copy cue to preclude recognition.
A number of recent experiments have been directed at determination of the generality of the conditions under which encoding specificity phenomena can be demonstrated. Some of these studies (e.g., Tulving, 1974; have suggested that the phenomena are rather general, while others (e.g., Postman, 1975; Reder, Anderson, & Bjork, 1974 ; Salzberg, Note 1) have led to conclusions that encoding specificity is narrowly limited. The main purpose of the present article is to analyze the reasons for such apparently contradictory conclusions and to suggest a resolution of the conflict. This analysis requires that a distinction be drawn between (a) recall superiority over recognition (or simply "recall superiority") and (b) recognition failure of recallable words (or simply "recognition failure"). We are concerned with these two phenomena and with the relation between them in terms of both logic and experiment. The resolution of the conflict takes the form of the argument that, first, the empirical fact indicating encoding specificity is recognition failure, not recall superiority, and, second, recognition failure occurs under a much wider set of circumstances than does recall superiority. A second and closely related purpose of the article is to describe four experiments in which we manipulated the nature of the relation between list cues and target words. This was done with a view to examining the effect of this relation on recall superiority and on recognition failure. In all previously published experiments, list cues and target items have been semantically related. Since it is known that the relation between the words of a pair is critical to the degree to which one member of the pair is successful in aiding recall of the second (e.g., Horowitz & Manelis, 1972) , it seemed worthwhile to ask how critical this particular feature of the paradigm is for the production of encoding specificity phenomena.
RELATION BETWEEN RECALL SUPERIORITY AND RECOGNITION FAILURE
As we have just mentioned, several writers have concluded that encoding specificity phenomena are limited. Reder et al. (1974) used target words of high and low frequency of occurrence in two experiments. They concluded, among other things, that their results with "low-frequency target words did not support the Encoding Specificity Principle" (Reder et al., 1974, p. 648) . In another study, Salzberg (Note 1) described two experiments that were designed to investigate the "question of generality" of the "encoding specificity phenomenon." In these experiments, grammatical class and concreteness of list cues were varied. Salzberg concluded that his experiments had "clearly shown a boundary condition of Tulving and Thomson's (1973) encoding specificity effect" (Salzberg, Note 1, p. 31). More recently, Postman (1975) , in an investigation of the generality of the encoding specificity principle, reported eight relevant comparisons of recall and recognition. He concluded that the "encoding specificity effect indexed by the superiority of recall over recognition is not a robust one" (Postman, 1975, p. 671) .
In each of these cases, the "encoding specificity effect" to which our colleagues refer, and on which they base their conclusions, is recall superiority, not recognition failure. This is a shift in emphasis from that of the initial demonstrations of Tulving and Thomson (1973) . In the Tulving and Thomson experiments, both recall superiority and recognition failure were observed, but the discussion of the theoretical importance of the findings and the application of the encoding specificity principle centered on recognition failure. Because of the difference in emphasis between those arguing for and those arguing against the generality of encoding specificity, it is important to examine=the nature of the relation between the two phenomena.
In the paradigm used, each subject was tested successively on both a recognition and a recall test. Thus, it was possible to analyze the subjects' performance in terms of fourfold contingency tables showing four mutually exclusive retrieval outcomes of target items tested for both recognition and recall: items correctly identified on (a) both the recognition and the recall tests, (b) the recognition test alone, (c) the recall test alone, or (d) neither the recognition nor the recall test. (Other entries of the tables represent the probabilities of overall recognition success and failure, as well as overall recall success and failure.) Recognition/recall contingency tables allow both a comparison of overall levels of recognition and recall and a calculation of the proportion of recognition failure of recallable words. This latter measure, P(Rn|Rc), is defined as the conditional probability that an item is not recognized given that it is recalled . Of necessity, whenever recall exceeds recognition, some recognition failure of recallable words must occur. Thus, P(Rc) >P(Rn) implies that P(Rn|Rc) > 0: Recall superiority is a sufficient condition for recognition failure. It is not, however, a necessary condition ; recognition failure can also occur when the overall level of recall is lower than that of recognition. As Experiments 3 and 4 of the present series will demonstrate, it is quite possible to have a configuration of data in the recognition/recall contingency table showing both superiority of recognition over recall and recognition failure. The nature of the relation between these two phenomenarecall superiority entails recognition failure of recallable items, and recognition superiority does not preclude it-means that it is important to distinguish between recall superiority and recognition failure when assessing their relevance to encoding specificity. -From the point of view of encoding specificity, as well as for the purpose of evaluating classical theories of recognition and recall, the phenomenon of interest is recognition failure. Comparison of overall recognition and recall hit rates are of theoretical interest only if recall is in fact higher than recognition, since this state of affairs entails recognition failure. The contrary observation of recognition exceeding recall can be accounted for by many theories. Moreover, in situations in which recognition is higher than recall, the comparison of only overall levels of recall and recognition provides no information about the extent to which recognition failure may have occurred. Postman's (1975) data, for instance, show both recall inferiority and recognition failure, although Postman pointed out that the magnitude of the latter effect was rather low.
In addition to permitting a calculation of the measure of recognition failure, there is another advantage that derives from administering two successive retention tests to each subject. The fact that an item can be recalled at the second retention test (time T2) indicates that information about that item must have been available at an earlier time, Tl. The failure to recognize an item at time Tl in such a situation cannot be attributed to the lack of appropriate stored information, but rather must be a consequence of inadequate retrieval information in the nominal copy of the target item in the recognition test. This assurance about the locus of recognition failure is not directly available in between-subjects comparisons of recognition and recall.
Some researchers have claimed that a potential problem, in the experimental paradigm in which encoding specificity phenomena have been demonstrated, concerns the possible influence of the recognition test on subsequent recall performance (Postman, 1975; Santa & Lamwers, 1974) . It is held that recognition testing may enhance recall performance. If it does, then the finding of recall superiority cannot be used to infer that the list cues at recall contained more effective retrieval information than did the copy cues at recognition. Recall superiority might be an artifact of the test sequence.
We agree that comparisons of overall recall and recognition scores are not useful in evaluating ideas of encoding specificity. Indeed, the main point of this article is that such comparisons may be misleading, and that, instead, one shouldjise the measure of recognition failure, P(Rn|Rc). However, since the matter of the effect of one retention test on performance in a subsequent one remains of interest, we considered it in the design of our experiments.
By incorporating the method used in earlier experiments and by replicating the earlier findings, the first experiment serves as a convenient starting point for the series. Subsequent experiments were focused on the effect of the relation between list cues and target items on recognition and recall of target words, and on the dependence of recognition failure on this relation.
EXPERIMENT 1 One feature which characterizes virtually all of the recognition failure experiments is the fact that the recognition test precedes the recall test. It is, thus, possible to argue that the conditions under which recognition and recall are tested are not comparable. Recognition is tested following one exposure to each list item (the presentation of the study list), whereas recall is tested following two exposures to target items (one in the study list and the other in the recognition test). The additional opportunity afforded subjects for study of to-be-remembered items prior to recall might inflate recall scores, thereby producing recall superiority.
Method
Experiment 1 was designed to test the hypothesis that the recognition test influences subsequent recall performance. The experiment was patterned after the Tulving and Thomson (1973) experiments, except that' subjects were given an opportunity to generate and subsequently recognize only half of the critical list targets. They were then tested for recall of all target words. The experiment thus permitted a comparison of recall performance for generated targets, which appeared on the recognition test, with other targets that could not be generated and would thus not be present on the recognition test.
Materials. Each study list consisted of 24 to-beremembered (TBR) words (targets), each presented in the context of a weakly associated input cue. These lists of cue-target pairs were the same as those used by Tulving and Thomson (1973) . Corresponding to each target word there was an extra-list cue word that was known to be strongly associated with the target word in semantic memory and that could thus be used to induce the subject to generate the target word in a free-association task. Of the four study lists employed in this experiment, two were chosen as set-establishing lists and the remaining two as critical lists. In the presentation slides, input cues were always typed in lowercase letters directly above their capitalized targets.
Subjects and procedure. Twenty-four undergraduate students at the University of Toronto participated as volunteer subjects, in groups of from two to six individuals. Before the presentation of the first list, subjects were instructed that they would be shown slides of words which they were to remember. They were told that each slide would contain two words, one capitalized and the other not, and that their task was to remember the capitalized words.
Following these instructions, the first of two setestablishing lists was presented. Each slide was exposed for 4 sec, with an interstimulus interval of 1 sec. Following the presentation of the list, subjects were given a cued-recall test sheet containing all 24 list cues, haphazardly ordered, and were required to write down as many targets as they remembered, each one next to its appropriate cue word. Subjects were allowed 3 min in which to complete the cued recall test. A second set-establishing list was then presented and tested in the same manner. Subjects were then shown the critical list. One of two different critical lists was presented to half of the subjects; the second was presented to the other half.
Following the presentation of the critical list, subjects were given a free-association task in which they were required to generate 3 free associates to each of 28 stimulus words. The first 2 and the last 2 stimulus words served as buffers, and responses to them were ignored in the scoring and analysis of the data. Twelve of the remaining 24 stimulus words were strong extra-list associates of targets on one of the two critical lists, and the remaining 12 words on the free-association task were strong associates of the targets on the other critical list, which the subject had not seen. Thus, for a given subject, 12 free-association stimuli were expected to elicit copies of target words, while 12 were not.
Subjects were given 10 min in which to complete the free-association (target generation) task. They were then instructed to examine each of the words they had just written down and to circle any words which they recognized as target words from the critical (last seen) list. Subjects were allowed as much time as they felt necessary for this test.
When all subjects had completed the recognition test, they were given a cued recall test of the critical list. The 24 cues were typed on a sheet of paper, with a blank beside each one. Subjects were instructed to write down as many of the capitalized words from the last presented list as they could remember, each next to its appropriate list cue.
Results
Scoring. Stringent scoring criteria were used throughout. (The use of more lenient criteria would not materially affect either the theoretical arguments or patterns of ex-RECALL SUPERIORITY AND RECOGNITION FAILURE 353 perimental results). The total number of critical list targets generated to their strong extra-list stimuli in the free-association task was tabulated, and the fate of these words was recorded in the 2 X 2 recognition/recall contingency tables constructed for each subject. A target was considered correctly recognized only if a copy of that word elicited by the strong extra-list associate was circled. Similarly, a word was considered correct on the cued recall test if it was a target written next to its appropriate list cue.
Set-establishing lists. The mean numbers of words recalled from the two set-establishing lists were 14.25 from the first list (59%), with a standard deviation of 4.98, and 15.96 from the second list (67%), with a standard deviation of 4.62.
Critical list. The mean number of critical list targets produced in the free-association task, and thus present on the recognition test, was 9.21 (77% of the 12 possible) in the generated list-half, and 1.50 (13%) in the nongenerated list-half. Thus, not all targets from the generated list-half were present on the recognition test, and not all targets from the nongenerated list-half were absent from it. However, the large difference in the numbers of targets from each of the two list-halves did suggest that the experimental manipulation was effective.
The first row of Table 1 presents the recognition and recall data for the critical list targets, of Experiment 1. An examination of these data reveals that 67% of those generated targets which were recalled were not recognized. Also, recall superiority over recognition was substantial. Fifty-nine percent of all generated targets were recalled, whereas only 26% of the generated targets were recognized. These data closely replicate the results of experiments demonstrating both recall superiority and recognition failure (e.g., Tulving & Thomson, 1973; .
The other data of interest in this experiment concern the proportions of targets recalled from the two halves of the critical list: the generated half, of which 77% of the total of 12 targets were present on the recognition test sheet, and the nongenerated half, of which only 13% of the targets were on the recognition test. The proportions of targets recalled from these two list-halves were identical, namely .59.
These data provide no support for the hypothesis that cued recall scores are inflated by the appearance of a target on a prior recognition test. They differ from the data reported by Postman (1975) . In his more analytical experiment, he found that target items tested for recognition tended to be more easily recalled than those not so tested, and that the interpolated recognition test reduced subsequent recall performance. The possibility exists, therefore, that in the present experiment these two tendencies balanced, resulting in no net effect. Nevertheless, the obtained recall superiority in this experiment cannot be readily attributed to the overall facilitation of cued recall by an earlier recognition test.
EXPERIMENT 2 One property shared by many experiments in which the phenomenon of recognition failure has been manifested is the composition of the study lists employed. The identical set of word triplets (target, weak list cue, and strong extra-list cue) which had been constructed by Thomson and Tulving (1970) has also constituted the stimulus materials for many subsequent experiments (Tulving & Thomson, 1973; . The input pairs in these latter experiments as well as those in many other experiments that included at least some of the identical stimulus materials (Postman, 1975; Reder, Anderson, & Bjork, 1974; Tulving, 1974) consisted of target words presented together with weakly associated list cues. Horowitz and Manelis (1972) have shown that the relation between members of a word pair is critical to the degree to which one member of the pair (the cue) is successful in aiding recall of the second member (the target). The possibility is thus raised that recognition failure might be critically dependent on the preexperimentally associated cue-target input pairs.
The primary purpose of Experiment 2 was to study the relation between recall and recognition for study lists in which cuetarget pairs were not normatively associated. A second purpose of the experiment was to examine again the effect of generation and recognition testing of target words on subsequent list-cued recall.
Method
The design and procedure of Experiment 2 were exactly like those of Experiment 1 with the exception of the nature of the study-list word pairs, which were constructed as follows. The target member of each study pair of one critical list was interchanged with that of a randomly selected pair from the other critical list to yield two new critical lists in which the cue-target relation was now arbitrary. Similarly, the target words of the setestablishing lists were interchanged to yield two new set-establishing lists.
Twenty-four undergraduate students of both sexes from the University of Toronto participated as unpaid volunteers.
Results
The mean numbers and percentages of target words recalled from the first and second set-establishing lists were 8.88 (37%) and 11.71 (49%), with standard deviations of 5.53 and 5.14, respectively. These mean scores are considerably below those in Experiment 1, and appear to reflect the difficulty of encoding a target with respect to a randomly selected cue word.
The data from the critical list of Experiment 2 were scored and analyzed exactly as those of Experiment 1, and are summarized in row 2 of The difference in recall but not in recognition performance between related versus unrelated cue-target word pairs is not entirely surprising, given the fact that the retrieval information in the recall test resides in the list cue, whereas in the recognition test it resides in the copy cue. Hence, a change in the list cue is more likely to affect recall than recognition. Table 1 shows that neither recognition failure nor recall superiority was eliminated by the use of randomly selected study pairs. Indeed, the level of recognition failure in Experiment 2 (.76) was slightly higher than that of Experiment 1 (.67). It may be that mere random pairing of familiar words does not necessarily render the words in a pair unrelated. We consider this possibility in Experiments 3 and 4.
The design of Experiment 2, like that of Experiment 1, permitted a comparison of recall performance between the generated and nongenerated halves of the critical list. The mean numbers of targets produced in the free-association task from each of these halves, respectively, were 8.08 and 1.08, consisting of 67% and 8% of the total number of targets in each of the two halves. The mean number of target words recalled from the generated list-half was 4.08 (34%), whereas the mean number of targets recalled from the nongenerated half was 5.00 (42%). The recall scores for these two list-halves were compared, and the difference was found to be not sufficiently reliable, i(23) = 1.73. This result is consistent with that of Experiment 1.
EXPERIMENT 3
In spite of the fact that recall superiority and recognition failure were not eliminated by the use of randomly assigned cue-target pairs, the surprisingly low recognition scores of Experiment 2 justified an attempt to replicate these results. Experiment 3 was designed to further pursue the effects of the relation between study cues and target words. Its primary purpose was to see once more whether recall superiority and recognition failure could be eliminated by employing semantically unrelated cue-target study pairs.
Method
Materials, We constructed these new study pairs by initially assigning cues to targets by a random procedure and then, in order to reduce cue-target relatedness, further changing all pairs that appeared to be meaningful. This was done for both set-establishing and critical list pairs.
Subjects and procedure. Experiment 3 also incorporated a number of procedural changes from Experiment 2 in order to increase the likelihood of eliminating recall superiority. The most important of these was that subjects were not required to generate target words. The results of other experiments (Watkins & Tulving, 1975, Experiment 4; suggest that such generation lowers recognition performance.
Another change was that recognition and recall tests were given in both orders. One group of subjects (Group RN-RC) took the recognition test before the recall test; the other (Group RC-RN-RC) had one cued recall test before and another after the recognition test. This variation of test order was included to examine the possible effects on recognition of an immediately preceding cued recall test.
A further comparison which Experiment 3 was designed to permit was between recognition test performance on free and forced-choice tests. Moreover, the forced-choice test was constructed so as to allow a comparison of performance when lures either were semantic associates of targets or were semantically unrelated to targets. This latter feature of the forced-choice tests was included in order to test the replicability of the finding ) that the semantic relation of targets to lures does not influence recognition performance.
The steps in the procedure of Experiment 3 are summarized in Table 2 . Preliminarily, the subjects were presented with two set-establishing lists, each of which was followed immediately by a cued recall test. A third and critical list was then presented (Step 1). There were two unique critical lists, each presented to one-half of each group of subjects. Following the presentation of the critical list, subjects were given an interpolated free-association test ( Step 2), in order to produce general interference with the retention of words from the critical list. The 28 free-association stimulus words were, unlike those used in Experiments 1 and 2, "neutral" words intended to elicit words other than critical list targets. Subjects were allowed 10 min to generate three free associates to each word. Then, the subjects in Group RC-RN-RC were given a cued recall test for the 24 target words from the critical list (Step 3). These subjects were given a free-choice recognition test (Step 4), a forced-choice recognition test (Step 5), and another cued recall test (Step 6). The subjects in Group RN-RC skipped Step 3, but they were given Steps 4, 5, and 6. Thus, the only difference between the two groups of subjects was whether or not they received an initial cued recall test before the recognition tests.
The free-choice recognition test was constructed as follows. Subjects were given, on a sheet of paper, 24 rows of three words each. Each row contained a target and two distractors. On half of the rows, the distractor items were words which were semantic associates of their targets. For example, the copy of the target word smoke was tripled with the distractors match and pipe. For the other rows, target words were accompanied by distractors which were unrelated to the target, although related to some other target in the test, for instance, smoke, night, lamb. The pairing of target words with related and unrelated distractors was counterbalanced across all experimental conditions. Subjects were asked to look at each word in each column and to circle any words that they thought had been capitalized words (targets) in the critical list.
Following the unpaced free-choice recognition test, subjects were instructed to turn to the next page of their response booklets on which was presented a random rearrangement of the rows of the free-choice recognition test, with the constraint that the rows with the related and unrelated distractors were still alternated. They were asked to circle exactly one word on each row, the one that they recognized as being, or thought most likely to be, the target from the critical list.
In the cued recall test that followed the forcedchoice recognition test, the 24 list cues were typed on the test sheet in a random order different from that on the initial cued recall test taken by the RC-RN-RC group.
Subjects were 56 undergraduate volunteers of both sexes at the University of Toronto who were randomly divided into two groups of 28 subjects each. They were tested either individually or in small groups of 2 to 6.
Results and Discussion
The mean recall scores for the first two set-establishing lists were 7.76 (32%) and 9.71 (41%), with standard deviations of 5.01 and 5.37, respectively. These scores are somewhat lower than the corresponding scores for Experiment 2; the difference may reflect the manipulated reduction in semantic compatibility of cue-target pairs.
The recognition/recall contingencies and other data for Group RN-RC are presented in row 3 of Table 1 ; the corresponding proportions for Group RC-RN-RC are presented in rows 4 and 5 of the same table. In row 4, Condition RC-RN(RC), are the recognition/recall scores from the initial cued recall test and the recognition test; in row 5, Condition (RC) RN-RC, are scores from the recognition test and the subsequent cued recall test.
Although there were minor differences in recognition and in recall scores between the RN-RC and RC-RN-RC conditions, these differences were not significant. In each condition, recognition exceeded recall, and .P(Rn|Rc) > 0, although the magnitude of the recognition failure effect was greater in the RN-RC (.31) than in the RC-RN-RC (.12) condition. We will return to this latter finding shortly.
Comparison of the data of Group RN-RC with those of Experiment 2, in which the test order was the same, shows that (a) recognition in Experiment 3 (.52) was substantially higher than that in Experiment 2 (.18), and (b) there was a large decrease in recognition failure from .76 in Experiment 2 to .31 in Experiment 3. These observations suggest that variations in recognition failure are concomitant with variations in recognition but not recall performance.
The results of the forced-choice tests, presented in rows 1 through 3 of Table 3 , are similar in pattern to those from the freechoice tests, although with forced-choice tests, recognition hit rates are higher and recognition failure rates are lower. Comparison of forced-choice recognition accuracy for targets selected from semantically related versus semantically unrelated distractor words confirms earlier findings (Watkins & Tulving, 1975, Experiments 5 and 6 ) that the semantic relatedness of targets to distractors does not affect recognition performance. The mean proportions of targets recognized in the forced-choice test by Group RN-RC were .69 and .68 for the related and unrelated distractors, respectively. For Group RC-RN-RC, these proportions were .76 and .74, respectively.
Although the reasons for the difference between Experiments 2 and 3 in recognition performance, and thus in recall superiority and degree of recognition failure, are far from clear, some of the procedural differences between the two experiments may be responsible for it. First, the construction of the cue-target pairs differed. Second, the nature of the activity in the retention interval, the free-association task, was different. Third, the recognition test was constructed by the experimenter rather than generated by the subject. Data from experiments reported by Watkins and Tulving (1975) and by Wiseman and Tulving (1975) have demonstrated that recognition performance is reliably higher in cases where subjects do not generate targets. Finally, the ratio of targets to lures in the recognition tests differed greatly. In the subject-generated test of Experiment 2, this ratio was on the order of 10:1, since most of the words produced by subjects were not copies of targets. In the experimenter-produced test of Experiment 3, on the other hand, the target-to-distractor ratio was 2:1. The density of targets on the recognition test may have affected the hit rate. Although Experiment 3 again failed to yield reliable evidence that one retention test can influence performance on a subsequent test, it did demonstrate that test order can affect the magnitude of recognition failure of recallable words. What are the implications of this finding for encoding specificity? The fact that the index of recognition failure of recallable items, P(Rn|Rc) is lower with the RC-RN than with the RN-RC test order most likely reflects differences in what is being retrieved in the recognition test in the two conditions. In the RN-RC condition, the index is based on words presented but not yet recalled, whereas in the RC-RN condition, it is based on words presented and already recalled. To the extent that the act of recall of an item changes the nature of its trace In memory, the recognition test for recallable words is being applied to two different populations of stored items. For this . reason, attenuation of recognition failure in the RC-RN condition has no particular implications for the notion of encoding specificity. The critical assumption that underlies our suggestion that P(Rn|Rc) be used as the index of encoding specificity in the standard RN-RC paradigm is that the first test, when unsuccessful, does not change the information stored about a given target item's occurrence in the original study list. This assumption and its implications have been discussed at some length elsewhere . Should this assumption be shown to be untenable, we would have to revise our thinking about the theoretical significance of the finding of recognition failure of recallable words in these and other experiments. But there seems to be nothing in the present data, nor in any other data of which we are aware, that casts doubt on this assumption. One test can facilitate subsequent test performance (Postman, Jenkins, & Postman, 1948; Postman, 1975) , but this may be due entirely to the greater probability of retrieval in the second test of those items successfully retrieved in the first test..
EXPERIMENT 4
Experiment 4 was designed to examine the influence of some of the factors by which Experiments 2 and 3 differed, in order to clarify their effects on recall superiority and recognition failure.
The results of Experiments 1, 2, and 3 together suggest that the semantic relation between cues and targets in the study list can determine levels of retrieval performance, and thus recall superiority and recognition failure. Experiment 4 was designed to examine the relation between recognition and recall for related and unrelated cue-target study pairs within a single experiment with better controls. It also permitted assessment of the importance of the lure to target ratio in the recognition tests. This latter factor has been uncontrolled in previous experiments and has varied widely from subject-generated to experimenter-produced tests. Finally, it was designed to provide information about the ratio of cue words to distractors on the final cued recall test. In the original experiments of Tulving and Thomson (1973) as well as in other comparable experiments (Reder, Anderson, & Bjork, 1974; Tulving, 1974; ; Salzberg, Note 1), subjects were always presented with all of the relevant cues on the cued recall test, and always told that these cues had appeared in the list. Since the subjects' knowledge that each of the cue words presented in the recall test had appeared in the study list might well have influenced levels of cued recall performaace, the exploration of this variable seemed desirable.
Method
Experiment 4 incorporated a 2X2X2 factorial design comprising eight independent groups of 12 subjects each. Study-list word pairs were either related or unrelated, defining two experimental conditions henceforth referred to as the "related" and "unrelated" conditions, respectively. Crossed with this variable were two levels of the ratio of targets to distractors on the recognition test, either 1:1 (24 targets and 24 unrelated distractors) or 1:7 (12 targets and 84 unrelated distractors), referred to as Conditions RN 1:1 and RN 1:7, respectively. The type of cued recall test was crossed with the other two variables. These tests contained either all 24 list cues and no distractors (Condition RC 24) or 12 list cues and 12 distractors (Condition RC 12). Twelve subjects were assigned to each of the eight experimental groups, at random.
Materials. Study lists containing related word pairs were the same two set-establishing lists and the same two critical lists as those used in Experiment 1. Two unrelated word lists were constructed as in Experiment 3. There were, thus, two setestablishing lists and two alternate critical lists in each of the related and unrelated conditions.
Subjects and procedure. Ninety-six undergraduate students of both sexes at the University of Toronto participated as paid subjects.
The procedure is summarized in Table 2 . Prior to the presentation of the set-establishing lists, subjects were instructed in the same manner as subjects in Experiments 1 through 3. Subjects in both the related and unrelated conditions were then given two appropriate set-establishing lists presented in the same way as those in previous experiments, with a list-cued recall test following the presentation of each. After the test of the second such list, a third and critical list was presented (Step 1). All subjects were then given an identical interpolated free-association task ( Step 2) in which they were required to produce and write down three free associates to each of 24 neutral stimulus words.
An experimenter-constructed, free-choice recognition test was then administered (Step 3). The recognition test sheet for Condition RN 1:7 was constructed by randomly arranging the 12 targets among the 84 distractors in such a way that each of the four columns contained three targets and 21 distractors. Similarly, the recognition test for Condition RN 1:1 was constructed by assigning six target words and six distractors to each of four columns. Half of the subjects in Condition RN 1:7 were tested with one half of the critical list targets, and the other half of the subjects was tested with the remaining targets.
When all subjects had completed the free-choice recognition test, a forced-choice recognition test was administered (Step 4) with the same layout of target and lure items as on the free-choice test. Subjects were now informed about the exact number of targets on their respective tests (either 12 or 24) and were instructed to circle exactly that number of words on the test sheet.
Finally, all subjects were given two successive list-cued recall tests. For half of the subjects, the first such test (Step 5) consisted of a cued recall test comprising all 24 randomly ordered list cues (Condition RC 24). The other half of the subjects received -a first cued recall test with 12 cues and 12 unrelated distractors (Condition RC 12). The list cues m these latter recall tests corresponded to targets that had been tested in the immediately preceding recognition tests. All subjects were informed of the number of list cues on the recall test, and subjects in Condition RC 12 were instructed to first circle those words that they thought were list cues and then to recall the target word that had been paired with each at input.
The second and final cued recall test (Step 6) was, for all subjects, a cued recall test in which all 24 list cues were presented in a different random order from that on the first such test
Results and Discussion
The mean numbers of words recalled from the first and second' related set-establishing lists were 14.91 (62%) and 18.67 (78%), with standard deviations of 5.01 and 4.36, respectively. The corresponding means for the unrelated set-establishing lists were 6.85 (29%) and 10.27 (43%), with standard deviations of 4.54 and 4,81.
The recognition/recall contingency data for the critical list are shown on the last six rows of Table 1 , classified by the three factors of (a) input relatedness, (b) recognition target to distractor ratio, and (c) recall cue to distractor ratio on the first cued recall test. Rows 6 and 7 show that cue-target relatedness affected neither the overall recognition performance nor recognition failure of recallable words. Subjects presented with related study pairs were able to recall more words than subjects who saw unrelated study pairs. This result parallels those of Experiments 1 and 2, Recall performance was slightly but significantly higher than recognition in the related input condition, £(47) = 2.50, and significantly lower than recognition in the unrelated input condition, t(47) = 3.74. Recall superiority, thus, was manifested only for related study pairs.
The results of Experiment 4 make it clear that recall superiority -can be eliminated by the use of unrelated cue-target study list pairs. More important, however, is the finding that both overall recognition and recognition failure of recallable words are unaffected by this variable. These findings suggest, as did the data of Experiments 2 and 3, that recognition failure is related to recognition performance but not to recall.
The data from Groups RN 1:7 and RN 1:1 show that the performance of these two groups was practically indistinguishable. This means that the ratio of targets to distractors affected neither overall hit rate in recognition nor recognition failure of recallable words. Retrieval performance of subjects in the two recall conditions, those with distractors among the list cues (RC 12) and those without (RC 24), was less similar; recognition and recall performance was slightly but not significantly higher in Condition RC 12, Three analyses of variance were carried out using recognition, recall, and recognition failure proportions as the dependent variables, respectively. The three independent variables, (a) cue-target relatedness, (b) recognition target to distractor ratio, and (c) recall cue to distractor ratio, were the factors in each of the analyses. The results of the analyses indicated that none of the main effects or interactions was significant for either recognition performance or recognition failure, These analyses render meaningful the earlier presentation and discussion of the results of the experiment.
In the evaluation of recall performance, only one effect was significant-input pair relatedness, F(l, 77) = 32.9, MS e = .003. Recall performance with targets from related pairs (.63) was significantly greater than that from related pairs (.34). Only one of the interactions (Relatedness X Recall Ratio) approached significance.
As the reader may remember, prior to the first recall test, subjects in Condition RC 12 were required to identify those words on the first recall test sheet that they thought were list cues. Subjects in the related input condition recognized a mean proportion of .85 of the cues with a false alarm rate of .11, whereas subjects in the unrelated input condition recognized a mean proportion of only .73 of the cues with a false alarm rate of .21. The difference in hit rates was found to be statistically reliable, t(46) =2.31.
Experiment 4 also provided another opportunity to evaluate the effect of an item's appearance on the recognition test on subsequent recall. In Experiments 1 and 2, subjects were given strong extra-list associates of only half of the target items on a subjectgenerated recognition test. Recall was found to be independent of generation and recognition testing of target words. In Experiment 4, the free-association task served merely as a neutral interpolated activity intended to reduce retention performance. For subjects in the RN 1:7 condition, the recognition test included only 12 of the 24 target words, although half of these subjects were tested for recall of all 24 targets. For the related input pairs, the probability of recall of targets that had appeared on the recognition test was .71, whereas the probability of recall of targets not on the recognition test was .60. This difference was not statistically reliable. For the unrelated input pairs, these two probabilities were an identical .35.
The data of Experiment 4 permit an assessment of the reliability of retrieval performance over successive identical tests. If there existed substantial variability in a subject's performance when tested on separate occasions under otherwise identical conditions, then recognition failure might be explained in terms of momentary fluctuations in the accessibility of stored information. Our data do not support such a hypothesis. Subjects in Condition RC 24 received two successive cued recall tests of all target words in the critical list. Analysis shows that only \% of the target items were recalled on the first but not the second test, and only 2% of the target items were recalled on the second but not the first test.
Retrieval data based on the forced-choice recognition tests are presented in the last six rows of Table 3 . Recognition proportions were higher than those of free-choice tests, and recognition failure proportions were lower. Again, however, recognition failure seems to be inversely related to overall recognition performance and independent of recall.
GENERAL DISCUSSION
The results of the series of experiments reported in this article demonstrate that, in the paradigm under study, recall superiority can be eliminated by the use of unrelated cuetarget study pairs. Where related pairs were used (Experiments 1 and 4), recall was found to be higher than recognition; the use of unrelated pairs (Experiments 3 and 4) resulted in the finding that recognition exceeded recall. In Experiment 2, where cues and targets were paired randomly, recall exceeded recognition, but it now looks as if such random pairing did not result in truly unrelated study pairs.
The important lesson to be learned from the research presented here, however, is that the reversal of recall superiority did not eliminate recognition failure. Even when the traditional result of the superiority of overall-recognition over overall-recall was obtained (Experiments 3 and 4), considerable proportions of recallable words were not recognized. In Experiment 4, where a direct comparison of the effects of related with unrelated study pairs was made, the degree of recognition failure remained unaffected by the reversal of recall superiority. In the related condition, recognition failure was .36, whereas in the unrelated condition it was .38, even though in the former condition recall exceeded recognition, and in the latter condition recognition exceeded recall. The encoding specificity phenomenon of recognition failure, thus, is not dependent upon recall superiority: It seems to obtain regardless of whether recall exceeds recognition, or vice versa.
As we have already pointed out, the logic of the relation between recognition and recall in the paradigm here is such that recall superiority must necessarily entail recognition failure. But, as our experiments have .shown, superiority of recognition over recall does not mean that all recallable words are recognized. Since recognition failure obtains whether or not recall performance exceeds recognition, the conclusion follows that the failure to find recall superiority does not alone demonstrate a limit to encoding specificity. Indeed, other studies similar to those reported here have also demonstrated recognition failure under conditions of recall inferiority (e.g., Postman, 1975 ; Salzberg. Note 1), although the authors of these studies, by considering the recognition/recall difference, have reached a different conclusion.
Our findings, showing that recognition failure is dependent upon the overall level of recognition but is not dependent on recall superiority, agree with observations we have made in another article . In that article we summarized the results of all the published experiments that have conformed to the paradigm under study and found a highly systematic relation between overall level of recognition and recognition failure of recallable words. The data from the four experiments of the present series fit the function describing that relation
